In this note we discuss a characteristic collider signature of models of gauge mediated supersymmetry breaking in which the selectron and smuon are mass-degenerate co-NLSP. In these models, all processes involving superpartners give rise to two NLSP selectrons or smuons, each of which subsequently decays to a nearly massless LSP gravitino and an electron or a muon. In a large region of the parameter space, the NLSPs travel macroscopic distances, of the order 0.1−1000 mm, before they decay. Hence, these models give rise to collider signatures involving charged tracks that end at vertices, which are inside the detector volume but displaced with respect to the original collision point, from which an electron or a muon is emitted. In order to probe this class of models we propose a search for disappearing charged tracks in association with displaced electrons or muons.
The selectron NLSP scenario
While the wide range of LHC searches for new physics has placed strong bounds on colored superpartners, the electroweak superpartners remain less constrained, mainly due to the lower production crosssections and difficult backgrounds. Moreover, most LHC searches assume that the decays of the superpartners are prompt. In this note we focus on pure electroweak production and point out a signature that involves superpartners with significant lifetimes, which give rise to charged tracks and displaced vertices.
The signature we consider arises in a relatively unexplored class of models based on gauge mediated supersymmetry breaking (GMSB) in the minimal supersymmetric standard model (MSSM). The non-standard feature of these models is that the mass-degenerate righthanded selectron and smuon,˜ R =ẽ R ,μ R , are the next-tolightest superpartners (NLSP). Note that in more wellstudied versions of GMSB, the NLSP is instead either the lightest stau mass eigenstate or the lightest neutralino [1] . The lightest superpartner (LSP) is, as in any GMSB model, a nearly massless gravitino,G. For brevity, we refer to this exotic GMSB spectrum as the selectron NLSP scenario. 1 A complete characterisation of GMSB models realizing the selectron NLSP scenario is provided in [3] . This spectrum can be achieved in explicit weakly coupled messenger models that allow for direct couplings between the messenger fields and the MSSM Higgs sector [4] . Moreover, these models have the attractive features of accommodating large A-terms, relatively light stops and a Higgs mass of 126 GeV without severe fine-tuning. The desired splitting between the first two slepton generations and the third generation is induced by the usual flavor textures of the Standard Model 100 200 300 400 500 Yukawa couplings. Hence, the selectron NLSP scenario is achieved without introducing any new source of flavor misalignment. We assume R-parity conservation and therefore, the only decay mode for the selectron/smuon NLSP is the 2-body decay to the gravitino and an electron/muon, with the decay width given by [1] ,
where =e, µ, M P =2.4·10
18 GeV and m 3/2 is the gravitino mass.
At the LHC, the selectron/smuon NLSP can be pair produced via Drell-Yan production, pp→Z/γ→˜ R˜ R . The cross-section at √ s = 7, 8 and 13 TeV, at next to leading order in QCD, is given in Figure 1 , as computed by MadGolem [5] .
The superpartner above the selectron/smuon NLSP in the spectrum is typically the lightest stau. However, the masses of the stau and the other superpartners are model-dependent and, in fact, all the remaining superpartners (including the lightest stau) can be parametrically heavier than the selectron/smuon NLSP [3] . Therefore, in order to reduce the number of free parameters down to only the most important ones, we take the simplified model approach and take all the superpartners above the selectron/smuon NLSP to be effectively decoupled. In this case, there are only two parameters, the NLSP mass of the degenerate selectron/smuon, m˜ R , and the gravitino mass, m 3/2 . These two parameters determine the NLSP production cross-section and lifetime.
Collider signature and existing LHC searches
As can be seen from Eq. (1), depending on the masses of the selectron/smuon NLSP and the gravitino, the NLSP decay can be prompt or long-lived on collider time scales, or, in the intermediate scenario, it can give rise to a displaced vertex. 2 It turns out that, in a large region of the parameter space of the models that realize the selectron NLSP scenario, the NLSP and the gravitino masses are in the ranges 100−500 GeV and 10−10 4 eV, respectively, implying that the average distance the selectron/smuon NLSP travels before it decays is in the range 0.1−1000 mm [3] . Hence, the collider signature involves two charged tracks, each of which ends at a vertex (that is displaced with respect to the original collision point) from which an electron or a muon originates. Moreover, from each of the displaced vertices an invisible gravitino is emitted, giving rise missing transverse energy (E / T ).
Before we further discuss this exotic signature let us briefly discuss the two other (more familiar) lifetime cases, i.e. when the NLSP decay is either prompt or long-lived. If the NLSP decay had been prompt 3 , the ATLAS search [10] in the final state + − +E / T would have constrained the right-handed selectron/smuon NLSP mass to be above 245 GeV. 4 If instead the selectron/smuon NLSP had been long-lived, i.e. if the NLSP decay would take place outside the detector, then the NLSPs would appear as heavy muons, giving rise to two charged tracks stretching through the entire detector. Both ATLAS and CMS have searched for such long-lived charged particles [12] and their results would have constrained the selectron/smuon NLSP mass to be above around 400 GeV [3] .
Let us now turn to the intermediate case we are interested in, i.e. where the NLSP decays inside the detector. To the best of our knowledge, there is no existing LHC search for this case. However, as we will review below, there are several searches involving displaced vertices. We will propose that, by combining or extending these existing searches, it would be possible to design a search optimized for probing the selectron NLSP scenario.
First of all, if the displaced electrons or muons, which arise from the NLSP decays in our signal process, would not be reconstructed, then the NLSPs would give rise to two charged tracks that "disappear" at some point in the detector. Such disappearing tracks have been searched for by ATLAS [13] but, unfortunately, this analysis involves a jet requirement of at least one jet with p T >90 GeV. The jet requirement implies that this analysis has negligible sensitivity to the selectron NLSP scenario, in which the only relevant production mode is pure electroweak production and the hadronic activity is small.
If instead the charged tracks in our signal process would not be reconstructed, then the NLSPs would give rise to two displaced electrons or muons. ATLAS has searched for a heavy neutral particle that gives rise to at least one displaced vertex from which a muon and multiple tracks originate [14] . In a signal region where they require a muon with p T >55 GeV and at least four other tracks, originating from the same displaced vertex, they set a 95% CL bound on the visible cross section σ × A × < 0.14 fb, where σ is the production cross section for the signal process, A is the detector acceptance and is the reconstruction efficiency. Of course, there are two key differences between this process and our signal process. First of all, the intermediate particle that travels a macroscopic distance before it decays is neutral instead of charged. Secondly, our signal process involves the selectron/smuon NLSP decay to an electron/muon and an invisible gravitino. Therefore, there are very few tracks that originate from the displaced vertex and the A × for our signal process is vanishingly small. This, together with the fact that our process is characterised by a small (electroweak) production cross section, implies that this search is not expected to place any meaningful bound on the selectron NLSP scenario.
Let us also mention the CMS search for events containing exactly one electron and one muon, originating from two separate displaced vertices [15] . This process should be contrasted with our signal process, which arise from the production of a pair of selectrons or smuons, giving rise to two displaced leptons of the same flavor, i.e. either two electrons or two muons, which originate from two separate displaced vertices. Therefore we do not expect this search to constrain our signal process.
From this discussion it is clear that an optimized search for the selectron NLSP scenario could be obtained by combining a search for disappearing charged tracks with a search for displaced leptons, and requiring the tracks and the leptons to meet at the displaced vertices.
Conclusion
In this note we have discussed a characteristic signature of a non-standard class of GMSB models in which the selectron and smuon are mass-degenerate NLSP. The selectron/smuon NLSP has a significant lifetime and travels a macroscopic distance before it decays inside the detector to an electron/muon and an invisible gravitino. This class of models can be probed by a search for disappearing charged tracks and associated displaced vertices from which an electron or a muon originates.
